ABSTRACT
INTRODUCTION
The measured impedance at the relaying point is the basis of the distance protection operation. There are several factors affecting the measured impedance at the relaying point. Some of these factors are related to the power system parameters prior to the fault instance, which can be categorized into two groups. First group is the structural conditions, while the second is the operational conditions. In addition to the power system parameters, the fault resistance could greatly influence the measured impedance, in such a way that for zero fault resistance, the power system parameters do not affect the measured impedance. In other words, power system parameters affect the measured impedance only in the presence of the fault resistance, and as the fault resistance increases, the impact of the power system parameters becomes more severe.
An adaptive distance protection is introduced to solve the problems caused by the presence of the fault resistance [2] . Since the fault resistance is an unknown quantity, [2] presented an ideal tripping characteristic for distance relays, for a definite range of the fault resistance, e.g. 0-200 ohms.
References [3] - [5] discuss the adaptive distance protection from various points of view. For example, [4] presented a fixed quadrilateral characteristic according to the ideal tripping characteristic. Applying the artificial intelligent techniques, [5] tried to identify the boundaries of the ideal tripping characteristic presented in [2] .
The mentioned efforts are about the transmission lines, since distance relays are normally used on the transmission lines, at HV, EHV, and UHV levels. Just an effort [6] discusses about the distance relay application in the distribution networks at MV level for a feeder without any lateral and with a lumped load at the far end. Distribution networks are somehow different from the transmission networks. The lines in the transmission systems are two-end lines with the lumped loads at the ends, but in the distribution networks there are many laterals, the loads are distributed all over the network. Therefore, the inherent characteristics of distribution and transmission systems are different, and consequently the measured impedance would be different in these two systems.
In the recent years FACTS devices are introduced to the power systems to increase the transmitting capacity of the lines and provide the optimum utilization of the system capability. It is well documented in the literature that the introduction of FACTS devices in a power system has a great influence on its dynamics. As power system dynamics changes, many sub-systems are affected, including the protective systems. In addition to the transmission version of FACTS devices, some distribution version of FACTS devices are introduced for application in distribution networks. DSTATCOM is one of the proposed distribution FACTS devices. This paper studies the measured impedance at the source node of a distribution feeder in the presence of DSTATCOM. The ideal tripping characteristic is presented for the distribution feeder. The tripping characteristic variation caused by variation in the power system conditions is studied. Special attention is paid to the measured impedance at the source node in the case of zero fault resistance.
DSTATCOM AND ITS MODELLING
Shunt connected FACTS devices are usually utilized to regulate the voltage of their connection point. Static Var Compensator (SVC) is an early type of the shunt connected FACTS devices, which controls its connection point voltage by adjusting its susceptance in order to supply or absorb the required reactive power. Advancement in the power electronic devices, such as Gate Turn Off (GTO) devices, introduced the so-called advanced Static Var Systems (SVS). STATCOM is an example of the advanced SVS, consisting of three-phase sets of several GTO based valve and a dc link capacitor and the associated control system. The control system operates in such a way that its connection point voltage is being regulated according to its controlling strategy within its operational limits. STATCOM consists of a converter which is connected to the line via a shunt coupling transformer [7] .
STATCOM can be modelled as a shunt branch consisting of an impedance, due to the coupling transformer, and a voltage source, which is in phase with the voltage of its connection point, so it can only inject or absorb reactive power according to the magnitude of voltage source. DSTATCOM can be modelled the same as STATCOM.
MEASURED IMPEDANCE
In the case of zero fault resistance and for a lumped load at far end of the feeder, the measured impedance at the source node is the actual impedance of the line section between the fault point and the source node. According to Fig. 1 this impedance is equal to pZ 1L , where p is per unit length of the line section between the fault point and the source node, and Z 1L is the distribution feeder positive sequence impedance in ohms. For a non-zero fault resistance, the measured impedance at the source node is not equal to the impedance of the mentioned line section. In this case, the structural and operational conditions of the distribution network affect the measured impedance at the source node. The structural condition is evaluated by short circuit level at the source node, S SA . The operational conditions prior to the fault instance can be represented by the impedance of the lumped load, Z 1ld and Z 0ld . With respect to Fig. 1 and Fig. 2 , the measured impedance at the source node can be calculated by the following equations, which are driven by following the impedance calculation procedure of [2] . 
It can be seen that for zero fault resistance, the measured impedance at the source node is equal to the impedance of the line section between the source node and the fault point.
As it can be seen from (10), power system conditions only affect the measured impedance in the presence of the fault resistance.
Depending on DSTATCOM exclusion or inclusion in the fault loop, the measured impedance at the relaying point would change. Here, DSTATCOM is installed at the length of i per unit from the relaying point. The following equations introduced due to DSTATCOM presence on the line, independent of its exclusion or inclusion in the fault loop.
DSTATCOM out of fault loop
Once DSTATCOM is out of the fault loop, (1)-(4) and (9) should be modified and some new equations are introduced:
It can be seen that in the absence of the fault resistance, the measured impedance at the source node is equal to the actual impedance of the line section between the source node and the fault point.
DSTATCOM in fault loop
Once DSTATCOM is in the fault loop, (1)- (4) should be modified, (9) is changed to (26)- (27), and some new equations are introduced:
It can be seen that in the absence of the fault resistance, the measured impedance at the source node is not equal to the actual impedance of the line section between the source node and the fault point.
EFFECTS OF DSTATCOM ON IDEAL TRIPPING CHARACTERISTIC
Knowing the structural and operational conditions, the ideal tripping characteristic can be defined. The ideal tripping characteristic has four boundaries. First boundary is the measured impedance for zero fault resistance; fault location varies from source node up to load node. In the second boundary, the fault location is at load node; fault resistance varies between 0 and 200 ohms. Third boundary is the result of the fault point variation along the feeder for the fault resistance of 200 ohms. Forth boundary is achieved by variation of the fault resistance between 0 and 200 ohms for the faults on the source node.
The ideal tripping characteristic for a distribution feeder is presented for a practical system. A 20 kV distribution feeder with the length of 30 km has been utilized in this study. By utilizing the Electro-Magnetic Transient Program (EMTP) [8] various sequence impedances of the feeder are evaluated according to its physical dimensions. The calculated impedances of the feeder for various sequences are: It can be seen that in the absence of the fault resistance, the measured impedance at the source node is the actual impedance of the line section between the source node and the fault point. The measured impedance deviates from its actual value only in the presence of the fault resistance.
Once DSTATCOM is connected to the distribution feeder, a fraction of the required reactive power by the distribution feeder is supplied from DSTATCOM and the rest of the required load is supplied through the source node. Fig. 4 shows the effect of the presence of DSTATCOM at the mid-point of the feeder on the measured impedance at the source node. Here, the rated reactive power of STATCOM is 2 MVAR and it is fully loaded. Tripping characteristic without DSTATCOM is also shown in the dotted form for comparison. It can be seen that in the presence of DSTATCOM at the mid-point of the feeder, the tripping characteristic varies. The measured impedance for zero fault resistance is not equal to its actual value in the case of the faults between the mid-point and the far end of the feeder. It can be seen that as DSTATCOM compensation degree varies, the ideal tripping characteristic changes considerably. In the case of the inactive DSTATCOM, the compensation current of zero, the tripping characteristic changes considerably, in spite of there is no reactive power exchange between DSTATCOM and the distribution network.
CONCLUSION
This paper has presented the measured impedance at the source node of a distribution feeder with DSTATCOM. The measured impedance, and consequently the ideal tripping characteristic, depends on DSTATCOM structural and controlling parameters and the power system operational and structural conditions.
The installation point of DSTATCOM as well as its compensation current influences the measured impedance and consequently the distance relay ideal tripping characteristic considerably.
In the case of the absence of the fault resistance, the measured impedance is equal to the actual impedance of the line section between the source node and the fault point for the faults on the line section between the source node and DSTATCOM, and it deviates from its actual value in the case of the faults on the line sections between DSTATCOM and the load node. The amount of the measured impedance deviation is a function of DSTATCOM parameters and the power system conditions. 
